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Aim: This study describes the activity-guided isolation of antimicrobial and antioxidant agents from Trilepisium madagascariense stem bark.
Methods: The methanol crude extract of T. madagascariense was partitioned sequentially into n-hexane, ethyl acetate, n-butanol and the residual
aqueous fractions. The ethyl acetate fraction was subjected to column chromatography and the structures of isolated compounds were elucidated
using GC–MS and/or NMR data by comparing with those reported in the literature. Antimicrobial activity was assayed by agar well diffusion and
broth microdilution techniques on 8 bacteria and 10 yeasts. The antioxidant activity was determined by DPPH radical scavenging method.
Results: The bioassay-guided fractionation of the crude methanol extract of T. madagascariense afforded two known compounds [vanillic acid (1)
and isoliquiritigenin (2)] and two mixtures of fatty acids (n-hexane fraction and first column fraction of ethyl acetate fraction, F1). The
fractionation of the crude methanol extract enhanced the antimicrobial activity. Compound 2 was generally more active than compound ,1. For all
the tested samples, the most sensitive microbes were Enterococcus faecalis ATCC 10541 (MIC range of 60–780 μg/ml) for bacteria and Candida
guillermondi (MIC range of 0.01–190 μg/ml) for yeasts. The DPPH radical scavenging activity (RSa) of compound ,2 (RSa50=28.73 μg/ml) was
comparable to that of the crude methanol extract (RSa50=29.92 μg/ml).
Conclusion: The antimicrobial activities and the antioxidant properties of the methanol crude extract, fractions and compounds 1 and ,2 from the
stem bark of T. madagascariense are being reported for the first time. These results may justify the traditional use of this plant for the treatment of
gastrointestinal disorders.
© 2010 SAAB. Published by Elsevier B.V. All rights reserved.
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Microbial infections and other diseases lead to the formation
of highly reactive molecules from the metabolism of oxygen
that can cause extensive damage to cells and tissues (Kamlesh
et al., 2007). Recent investigations have shown that antioxidant
properties of various plants could be correlated to oxidative
stress defence (Kamlesh et al., 2007). This property has been
reported to be due to the restoration to normalcy of redox
equilibrium, which might have been disturbed by different⁎ Corresponding author. Tel.: +237 99 67 91 35; fax: +237 33 45 17 35.
E-mail address: jrkuiate@yahoo.com (J.-R. Kuiate).
0254-6299/$ - see front matter © 2010 SAAB. Published by Elsevier B.V. All righ
doi:10.1016/j.sajb.2010.09.011factors (such as diet, alcohol, and some drugs), and in
consequence reduce damage in cellular structures (Jimoh
et al., 2007). The development of microbial drug resistance
and the undesirable side effects of certain antibiotics have led to
the search for new antimicrobial agents, mainly among plant
extracts, to overcome the aforementioned disadvantages
(Soberon et al., 2007).
Trilepisium madagascariense DC. Leeuwenberg (family
Moraceae), commonly known as ‘ndutu’ in Ekona, Lelu,
Bakingilli and Bova (Cameroon) or mfilia-fila in Madagascar
(meaning tree with latex), is a forest tree that grows to a height
of about 30 m. This plant grows in riverine ground lowlands and
submountainous forest. It is found in Tropical Africa and ints reserved.
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Okafor, 1998). The stem bark is used traditionally to treat
venereal diseases, arthritis, rheumatism and stomach troubles
(diarrhoea and dysentery) and also as a pain-killer while the
roots are used against cutaneous and subcutaneous parasitic
infections (Burkill, 1985). The methanol extract from the leaves
of T. madagascariense has been reported to inhibit the growth
of Staphylococcus aureus (Sabrina et al., 2006). There is,
however, little information regarding its general pharmacolog-
ical activity. This bio-guided study was therefore designed to
evaluate the possible beneficial antimicrobial and antioxidant
potencies of the methanol crude extract and compounds from
this plant.
2. Materials and methods
2.1. Plant material
The stem bark of T. madagascariense was collected in May
2007 in the lowlands around the campus of the University of
Dschang in Menoua Division, West Cameroon. Its identifica-
tion was established by the National Herbarium in Yaoundé,
Cameroon (ref: no. 9511/44014/HNC) where a voucher
specimen was kept for further references.
2.2. Extraction and phytochemical screening
The stem barkwas dried under shade (at ambient temperature),
ground into a soft powder with a grinding mill. The powdered
stem bark (3 kg) was repeatedly extracted (3 times) with 8 l of
methanol with stirring at an interval of 4 h for 24 h. After
filtration, the solvent was evaporated under reduced pressure in a
rotary evaporator at 45 °C to afford the methanol crude extract
(340.8 g).
One hundred and twenty-eight grams of this crude extract
was pre-dissolved in 200 ml of a mixture of methanol and
water (9:1) and shaken vigorously in 500 ml of n-hexane. The
n-hexane phase was collected and the process repeated thrice.
Then the methanol was evaporated and the residual water
phase extracted sequentially with ethyl acetate and n-butanol.
The aqueous residue that resulted was kept in the oven at
40 °C for 12 h to evaporate the residual water. The n-hexane,
ethyl acetate and n-butanol were evaporated to dryness under
reduced pressure in a rotary evaporator to afford the hexane
(10.70 g), ethyl acetate (51.80 g) and n-butanol (9.10 g)
fractions respectively (Gloria et al., 1998). The crude methanol
extract and fractions were subjected to phytochemical
screening for the identification of major groups of chemical
constituents using standard procedures (Edeoga et al., 2005;
Harborne, 1973).
2.2.1. Test for flavonoids
Plant sample (0.5 g) was suspended in 5 ml of water and
2.5 ml of methanol added to it. After filtration 1 ml of NaOH
10% was added to 1 ml of the filtrate. The appearance of a
yellow precipitate indicated the presence of flavonoids.2.2.2. Test for polyphenols
Ethanol (5 ml) was mixed with plant extract (0.5 g) and
heated for 15 min in a boiling water bath. After filtration, 3
drops of iron cyanide were added to the filtrate (2 ml). The
appearance of bluish-green coloration was indicative of the
presence of polyphenols.
2.2.3. Test for tannins
Water (7.5 ml) was added to plant extract (1 g) and heated in
a water bath. It was then filtered upon cooling. Few drops of
iron III chloride (FeCl3) 0.5% were added to 2 ml of the filtrate.
The appearance of a green or dark-blue precipitate indicated the
presence of tannins.
2.2.4. Test for alkaloids
Sample (2 g) was heated in a test tube containing 25 ml of
HCl (1%) for 15 min in a boiling water bath. The suspension
was then filtered and 5 drops of Meyer's reagent (potassium
tetraiodomecurate) were added into the filtrate (1 ml). The
formation of a precipitate indicated the presence of alkaloids.
2.2.5. Test for saponins
A quantity of 0.5 g of extract was introduced into a test tube
containing 7.5 ml of distilled water and the mixture heated for
5 min in a boiling water bath. The solution was then filtered and
cooled to room temperature. Five milliliters of the filtrate was
introduced into a test tube and agitated for 10 s. The formation
of persistent foam indicated the presence of saponins.
2.2.6. Test for triterpenes and steroids
(the Lieberman–Burchard)
Sample (0.5 g) was dissolved in chloroform (3 ml) and a few
drops of acetic anhydride and concentrated H2SO4 were added.
A purple coloration indicated the presence of triterpenes while
bluish-green coloration indicated the presence of steroids. The
formation of two layers upon addition of H2SO4 is characteristic
of the presence of both triterpenes and (steroids).
2.2.7. Test for coumarins
Moistened sample (1 mg) was placed in a test tube and the
test tube was covered with a filter paper moistened with 10%
NaOH solution. After exposition of the paper to UV light for a
few minutes, yellow green fluorescence was indicative of the
presence of coumarins.
2.2.8. Test for cardiac glycosides (Keller–Killani test)
The sample (0.2 g) was suspended in 5 ml of water in a test
tube and treated with 2 ml of glacial acetic acid containing one
drop of ferric chloride solution. Then 1 ml of concentrated
sulphuric acid was added gradually along the wall of the test
tube. The formation of a brown ring at the interface indicated
the presence of a deoxysugar, characteristics of cardenolides.
2.3. Fractionation and isolation
Of the four fractions, ethyl acetate fraction showed the
greatest antimicrobial activity and was fractionated by column
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to neutral silica gel 60 (0.063–0.200 mm) column (60×8 cm)
and eluted with mixtures of n-hexane (Hex) and ethyl acetate
(EtOAc) of increasing polarity (100:0 to 0:100 with constant
polarity increase of 10%) to give 10 fractions based on TLC
band pattern similarities (F1 to F10), of which F1 was oily.
Antimicrobial activity was concentrated in fractions F6 and F7,
eluted respectively with Hex-EtOAc 50:50 and 40:60. Further
column purification of F7 (with greater antibacterial activity
compared to F6) on sephadex gel yielded four sephadex
fractions denoted F7.1 to F7.4. Fractions F7.1 and F7.2 were of
negligible quantities (2.00 mg, too small for biological assays).
Fractions F7.3 and F7.4 were further applied to chromato-
graphic silica gel columns (27.5×2 cm) and eluted with Hex-
EtOAc 25:75. Fraction F7.3 afforded six subfractions (F7.3.1 to
F7.3.6) of which F7.3.2 (having antibacterial activity) was
further purified on silica gel columns (34×1.4 cm). This
purification step afforded compound 1 (4 mg). Fraction F7.4
gave four subfractions (F7.4.1 to F7.4.4) after a further
purification. F7.4.1 was pure (compound 2, 45.1 mg) while
F7.4.2 to F7.4.4 were of negligible quantities.
2.4. Identification of constituents
The fatty acids of fractions F1 and F2 were determined by
GC–MS using an Agilent 6890N Network GC system/5975
Inert x L Mass selective Detector at 70 eV and 20 °C. The GC
column was a CP-Sil 8 CB LB, fused silica capillary column
(0.25 mm×30 m, film thickness 0.25 μm). Helium was used as
carrier gas at a flow rate of 1.2 ml/min. The injector port was
maintained at 250 °C; the oven temperature was programmed at
5 °C/min from 80 °C to 300 °C. A solution of each fraction was
prepared in chloroform at a concentration of 10% (wt/v). To
90 μl of this solution, 10 μl of TMSH was added and 1 μl of the
resulting mixture was injected into the GC–MS apparatus. The
constituents were identified by comparing their mass spectra
data with those stored in NIST05 and Wiley237 database
libraries.
Aluminium sheet pre-coated with silica gel 60 GF254 nm
(Merck) was used for thin layer chromatography (TLC). The
spots were visualized under UV light (254 and 366 nm), UV
lamp model 52-58 mineralight, and sprayed with 50% aqueous
solution of H2SO4 followed by heating at 100 °C.
IR spectra were measured as a film on a KBr pellet using
FT-IR-8400S Shimadzu spectrometer. EI-MSwere carried out on
a GCT Premier CAB109 TOF mass spectrometer. 1H, 13C NMR
and 2D-NMR (COSY, HMBC and HSQC) spectra were recorded
in Acetone-d6 (500 MHz for
1H and 125 MHz for 13C) on a
Bucker 500 MHz NMR instrument. All chemical shifts (δ) were
given in ppm units with reference to tetramethylsilane (TMS) as
internal standard and coupling constants (J) were in Hz.
Vanillic acid:white amorphous powder; 1HNMR(Acetone-d6):
δ 7.61 (1H, d, J=8.0 Hz, H-6), 7.57 (1H, s, H-2), 6.93
(1H, d, J=8.0 Hz, H-5); 13C NMR (Acetone-d6): δ 166.5 (C-7),
151.1 (C-4), 147.1 (C-3), 123.9 (C-6), 121.9 (C-1), 114.9 (C-5),
112.5 (C-2), 55.3 (OMe); EI-MS m/z (% relative intensity): 168
(M+, 100), 153 (65), 125 (20), 97 (30).Isoliquiritigenin: yellow amorphous powder; IR υmax
(KBr, cm−1): 3500, 1630, 1370; 1H NMR (Acetone-d6): δ
8.15 (1H, d, J=8.0 Hz, H-6′), 7.82 (1H, d, J=15.2 Hz, H-β),
7.79 (1H, d, J=15.2 Hz, H-α), 7.76 (2H, d, J=8.2, H-2, H-6),
6.95 (2H, d, J=8.2 Hz, H-3, H-5), 6.48 (1H, dd, J=8.0, 2.0 Hz,
H-5′), 6.39 (1H, d, J=2.0 Hz, H-3′); 13C NMR (Acetone-d6):
δ 192.0 (CO), 166.7 (C-4′), 164.6 (C-2′), 160.1 (C-4), 144.3
(C-β), 132.5 (C-6′), 130.9 (C-2, C-6), 126.7 (C-1), 117.6 (C-α),
115.9 (C-3, C-5), 113.7 (C-1′), 107.7 (C-5′), 102.8 (C-3′);
EI-MS m/z (% relative intensity): 256 (M+, 100), 255 (60),
239 (17), 163 (26), 137 (62), 120 (30).
2.5. Microorganisms and growth conditions
The microorganisms used in this study consisted of two
Gram (+) bacteria — Enterococcus faecalis ATCC 10541 and
S. aureus ATCC 25922; six Gram (−) bacteria— Pseudomonas
aeruginosa ATCC 27853, Escherichia coli ATCC 11775,
Klebsiella pneumoniae ATCC13883, Salmonella typhi ATCC
6539, Proteus mirabilis and Shigella flexneri; and 10 fungi —
Candida albicans ATCC 9002, C. albicans ATCC 2091,
C. parapsilosis ATCC 22019, C. lusitaniae ATCC 200950,
C. tropicalis ATCC 750, C. krusei ATCC 6258, C. guiller-
mondi, C. albicans ATCC 24433, C. glabbrata IP 35 and
Cryptococcus neoformans IP 95026. The reference strains
(ATCC) were obtained from American Type Culture Collec-
tion. The two clinical bacterial isolates were collected from
Pasteur Center (Yaoundé-Cameroon) and the two fungal strains
were obtained from Pasteur institute (IP, Paris-France). The
bacterial and fungal strains were grown at 35 °C and maintained
on nutrient agar (NA, Conda, Madrid, Spain) and Sabouraud
Dextrose Agar (SDA, Conda) slants respectively.
2.6. Antimicrobial assays
The methanol crude extract, fractions and compounds from
T. madagascariense stem bark were tested for antimicrobial
activities using agar well diffusion technique to determine the
diameter of growth inhibition zones while broth microdilution
method was used to determine the MIC and MBC/MFC.
2.6.1. Agar well diffusion test
The method used by Lyudmila et al. (2003) was employed.
Inocula of microorganisms were prepared separately from 18 h
broth cultures for bacteria and 24 h for Candida species. From
these cultures, colonies from each microbe were diluted in 0.9%
NaCl to obtain a density comparable to 0.5 of Mc Farland
standard turbidity scale corresponding to about 1.5×108 colony
forming unit (CFU) per ml. The microbial suspensions were
standardized by adjusting the optical density to 0.1 for bacteria
and 0.09 for yeast at 600 nm (Jenway 6105 UV/Vis spectro-
photometer, 50 Hz/60 Hz). These dilutions correspond to about
2.5×105 spores/ml for yeast and 106 CFU/ml for bacteria. One
milliliter of each microbial suspension was used to cover the
surface of agar medium [Mueller Hinton Agar (MHA) for
bacteria and Sabouraud Dextrose Agar (SDA) for yeast] in Petri
dishes (90 mm internal diameter) and allowed to seed for
Table 2
Percentage composition of fatty acids in n-hexane fraction and F1.
Fatty acid n-Hexane fraction F1
Hexadecanoic acid 11.9 18.6
9,12-Octadecadienoic acid (Z,Z) 4.8 5.6
9-Octadecenoic acid (Z) 8.6 12.2
Octadecanoic acid 2.8 2.7
Octadecanoic acid, 3-hydroxy- – 1.1
Docosanoic acid 3.6 2.3
Tetracosanoic acid 2.5 2.9
10-Demethylsqualene – 2.0
Tricosanoic acid – 1.1
218(M+ 100), 203(67), 189(21), 135(21),
119(23), 95(29), 69(29)
19.2 14.7
394 (M+ 120), 368(5), 313(19), 245(18),
218(41), 205(77), 189(45), 161(37),
135(59), 121(81), 109(100), 107(88),
81(87), 55(68)
28.8 32.2
Campest-4-en-3-one 10.4 –
393(M+ 5), 281(5), 257(6), 207(11), 189(78),
161(30), 135(62), 95(71), 69(58), 43 (100)
4.8 –
Total 97.4 95.5
− Absent.
Table 1
Phytochemical screening of T. madagascariensemethanol extract and fractions.
Groups of
chemical
constituents
Methanol
extract
Methanol extract subfractions
Hexane Ethylacetate n-Butanol Residue
Alkaloids + − − − +
Flavonoids + − + + +
Coumarins − − − − −
Polyphenols + − + + +
Tannins + − + + +
Saponins + − + + +
Steroids − − − − −
Triterpenes − − − − −
Cardiac glycosides + − − − +
+ = presence and − = absence.
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make wells in the agar medium after which the bottom of each
well was sealed with 10 μl of moulting agar medium. These wells
were then loaded with the plant extracts for well charges of 2.5
and 5 mg. The reference drugs were ciprofloxacin (10 μg/well)
for bacteria and nystatin (5 μg/well) for yeasts. Tests were carried
out in triplicates and the plates were incubated at 35 °C for 24 h
for bacteria and 48 h for yeasts. The mean diameters of growth
inhibition zones surrounding the wells were recorded.
2.6.2. Broth microdilution tests
The minimum inhibitory concentration (MIC) values were
determined by broth microdilution method in 96-well micro-
titer plates as described by Zgoda and Porter (2001) and Kuete
et al. (2008). The inocula of microorganisms were standardized
at 106 CFU/ml for bacteria and 2.5×105 CFU/ml for yeasts.
Each test sample was dissolved in 10% ethanol/tween 80 in
broth to obtain a final concentration of 100 mg/ml for the
methanol crude extract and fractions; 100 μg/ml for ciproflox-
acin and nystatin. The 96-well plates were prepared by
dispensing into each well 100 μl of broth [Mueller Hinton
broth (MHB) for bacteria and Sabouraud Dextrose broth (SDB)
for fungi]. Then 100 μl of test sample solutions initially
prepared at 100 mg/ml or 100 μg/ml as mentioned earlier was
added into the first wells of the first three columns. Serial two-
fold dilutions were made by transferring 100 μl from well 1
progressively to well 10. Then 100 μl of each inoculum was
added into the wells except well 11 that served as a sterility
control (contained broth only). Well 12 contained broth plus
inoculum (negative control). The final concentrations were
ranging from 48.88 to 25,000 μg/ml, 0.48 to 25 μg/ml and 0.01
to 12.5 μg/ml for extract/fraction, isolated compounds and
standard drugs respectively. The plates were sealed with
parafilm, then agitated to mix the content of the wells using a
plate shaker and incubated at 35 °C for 24 h for bacteria and
48 h for yeast. The MIC of each sample was detected following
addition of 50 μl (0.2 mg/ml) p-iodonitrotetrazolium chloride
(INT, Sigma-Aldrich, South Africa) only to the first two
columns (column three was reserved for MBC/MFC tests) and
incubated at 37 °C for 30 min.
Viable bacteria reduced the yellow dye of INT to a pink colour.
MIC corresponded to well concentration where no colour change
was observed, indicating no growth of the corresponding
microbe. The MBC/MFC was determined by adding 50 μl
aliquots of the preparations (corresponding wells in column three
without INT), which did not show any growth after incubation
during MIC assays, to 150 μl of broth medium. These
preparations were incubated at 35 °C for 48 h. The MBC/MFC
was regarded as the lowest concentration of test sample, which did
not produce a colour change after addition of INT as mentioned
earlier.
2.7. Antioxidant activity
DPPH (1,1-diphenyl-2-picrylhydrazyl) free radical scaveng-
ing activity: Radical scavenging activity of plant extracts and
compounds against stable DPPH was determined spectropho-tometrically (El-Ghorab et al., 2006). When DPPH reacts with
an antioxidant compound, which can donate hydrogen, it is
reduced. The changes in colour were measured at 517 nm under
UV/Visible light spectrophotometer (Jenway, model 1605)
according to the method described by El-Ghorab et al. (2006).
Pure methanol was used to calibrate the counter and all test
samples were prepared in methanol (2 mg/ml for plant extracts
and 1.28 mg/ml for pure compounds and reference drugs). Two-
fold serial dilutions were made to obtain a concentration range
from 200 to 6.25 μg/ml and 64 to 0.25 μg/ml for plant extracts
and compounds respectively. The methanol solution of DPPH
(20 mg/l) was prepared daily. The mixtures were made by
adding 100 μl of test sample to 900 μl of DPPH solution in a
curve. The content was mixed and the absorbance read
immediately (t=0 min) and incubated at room temperature.
Then the absorbance was recorded after 1, 2, 4, 6, 8, 10 and
30 min. The experiments were carried out in triplicate. The
percentages of DPPH reduction by test samples were compared
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formula:
% RSa =
Ab−As
Ab
× 100
Where
Ab absorbance of blank (t=0 min)
As absorbance of test sample (t≠0 min)
RSa radical scavenging activity.
The radical scavenging percentages were plotted against the
logarithmic values of concentration of test samples and a linear
regression curve was established in order to calculate the RSa50
and RSa90, which are the amounts of sample necessary to
decrease by 50 and 90% respectively the free radical DPPH
(Yassa et al., 2008).Table 3
Mean diameters of microbial growth inhibition zonesa (mm) of test samplesb.
Microoganisms Samples
CEc HF EF nF
Gram (−) bacteria
Pseudomonas aeruginosa
ATCC 27853
12.83±0.76 12.33±0.28 15.33±0.57 13.83±0
Proteus mirabilis 13.33±1.44 10.08±0.62 13.83±1.52 12.83±0
Shigella flexneri 11.50±0.86 10.33±1.04 15.33±1.89 12.66±1
Klebsiella pneumoniae
ATCC 13883
12.83±0.76 12.33±0.28 15.33±0.57 13.83±0
Salmonella typhi ATCC
6539
13.16±0.28 10.50±1.50 13.33±1.04 10.33±1
Escherichia coli ATCC
11775
10.00±0.50 na 12.83±0.57 12.00±0
Gram (+) bacteria
Enterococcus faecalis
ATCC 10541
12.33±0.28 11.16±0.76 15.16±0.57 12.50±0
Staphylococcus aureus
ATCC 25922
13.50±1.80 10.8±0.62 15.66±2.51 14.00±1
Fungi
Candida albicans
ATCC 2091
10.66±0.57 9.00±0.00 10.33±0.57 10.00±0
Candida parapsilosis
ATCC 22019
9.00±0.57 9.00±0.00 10.00±1.15 10.00±0
Candida tropicalis
ATCC 750
11.33±0.57 8.00±0.00 11.00±1.00 11.00±1
Candida krusei
ATCC 6258
10.33±0.57 9.00±1.00 11.00±1.00 10.66±0
Candida glabbrata
CIPA 35
11.33±0.57 9.66±1.52 12.33±0.57 11.33±0
Candida lusitaniae
ATCC 200950
10.00±0.00 8.33±0.57 10.33±0.57 10.33±0
Cryptococcus neoformans
IP 95026
10.00±0.00 8.33±0.57 12.33±0.57 10.00±1
Candida albicans
ATCC9002
9.00±1.00 8.33±0.57 10.00±1.00 9.33±0
C. guillermondi 10.33±0.57 8.66±1.15 11.33±1.52 11.00±1
C. albicans ATCC 24433 11.00±1.00 8.33±0.57 10.00±0.00 10.00±0
The results are the mean values of triplicate tests measured after a 24–48 h incubation
same microbe; azone diameter±S.D; bcharge/well, 5 mg for crude methanol extract a
ciprofloxacin/nystatin respectively; cT. madagascariensemethanol crude extract (CE
aqueous residue (AR); lipid fraction F1; reference drugs, ciprofloxacin for bacteria an
not tested.2.8. Statistical analysis
The data were subjected to one-way analysis of variance, and
differences between samples at P≤0.05 were determined by
Waller–Duncan multiple range test using the Statistical
Package for the Social Sciences (SPSS) program. The
experimental results were expressed (where appropriate) as
mean±standard deviation of three replicates.3. Results and discussion
3.1. Chemical composition
3.1.1. Qualitative phytochemical analysis
The qualitative analysis of the methanol crude extract and
fractions of T. madagascariense revealed the presence of active
principles. Alkaloids, flavonoids, tannins, saponins and cardiacAR F1 1 2 Ref
.57 13.50±0.86 14.33±0.57 16.36±0.21 15.00±0.23 27.83±2.02
.76 11.83±1.60 10.00±0.00 14.00±0.00 12.66±0.23 26.33±0.57
.25 10.83±1.04 11.00±0.00 16.00±0.00 20.33±0.23 26.66±1.15
.57 13.50±0.86 14.33±0.57 16.36±0.21 15.00±0.23 27.83±2.02
.75 13.33±1.52 10.00±0.00 15.33±0.57 21.66±0.23 25.00±0.86
.50 10.83±1.15 na 16.33±0.57 22.00±0.23⁎ 21.33±1.15⁎
.86 13.16±0.57 14.00±0.00 16.00±0.00 21.33±0.23 22.33±2.30
.00 14.33±2.08 10.00±0.00 16.00±0.00 18.00±0.23 28.00±2.00
.00 8.00±0.00 na nt nt 15.33±0.57
.00 8.00±0.00 10.00±1.00 nt nt 16.00±0.00
.00 8.00±0.00 na nt nt 16.33±1.52
.57 8.66±1.15 na nt nt 16.33±1.52
.57 8.00±0.00 10.66±0.57 nt nt 16.00±1.00
.57 8.00±0.00 na nt nt 16.66±1.52
.00 8.00±0.00 na nt nt 15.33±0.57
.57 8.00±0.00 na nt nt 15.66±0.57
.00 8.00±0.00 na nt nt 15.66±0.57
.00 8.33±0.57 na nt nt 13.33±0.57
at 35 °C; ⁎values are not significantly different at 5%Waller–Duncan test for the
nd fractions, 1.25 mg for F1, 50 μg for compounds 1 and 2 and 10 μg/5 μg for
), n-hexane fraction (HF), ethyl acetate fraction (EF), n-butanol fraction (nF) and
d nystatin for fungi; pure compounds 1 and 2; na, not active up to 25 mg/ml; nt,
Table 4
Minimal inhibitory concentration (MIC)/Minimum Bactericidal or Fungicidal concentration (MBC or MFC) of test substancesa (μg/ml).
Microorganisms MIC MBC/MFC
CE HF EF nF AR F1 2 Ref CE HF EF nF AR F1 2 Ref
Gram (−) bacteria
Pseudomonas aeruginosa ATCC 27853 3125 1562 3125 781 1562 6250 62.50 1.5 6250 1250 6250 6250 6250 25,000 60 12
Proteus mirabilis 781 1562 1562 1562 1562 25,000 31.25 0.3 3125 12,500 6250 6250 6250 25,000 60 1.5
Shigella flexneri 3125 12,500 1562 781 1562 1250 62.50 0.2 6250 12,500 6250 6250 6250 25,000 60 6.2
Klebsiella pneumoniae ATCC 13883 3125 6250 3125 1562 1562 6250 31.25 0.2 6250 12,500 6250 12,500 6250 12,500 60 3
Salmonella typhi ATCC 6539 781 3125 781 1562 3125 12,500 62.50 0.3 3125 12,500 3125 6250 6250 25,000 60 1.5
Escherichia coli ATCC 11775 3125 3125 3125 1562 1562 1250 62.50 0.2 6250 12,500 6250 6250 6250 25,000 60 1.5
Gram (+) bacteria
Enterococcus faecalis ATCC 10541 781 781 781 781 781 1250 62.50 0.2 1562 1562 1562 6250 6250 25,000 60 1.5
Staphylococcus aureus ATCC 25922 1562 1562 3125 1562 1562 25,000 62.50 1.5 3125 6250 6250 6250 6250 25,000 60 12
Fungi (yeast)
Candida albicans ATCC 2091 6250 781 195.31 781 390 na 312.50 0.01 6250 781 390.62 781 3125 na 310 0.08
Candida parapsilosis ATCC 22019 1562 3125 781 1562 3125 na 312.50 0.01 12,500 3125 3125 6250 3125 na 310 0.08
Candida tropicalis ATCC 750 6250 781 195.31 781 195.31 na 156.25 0.04 6250 1562 390.62 781 781 na 150 0.08
Candida krusei ATCC 6258 12,500 25,000 3125 25,000 1250 na 156.25 0.04 25,000 25,000 3125 25,000 25,000 na 150 0.04
Candida glabbrata CIPA 35 12.20 12.20 12.20 12.20 12.20 na 0.015 0.021 390 12.20 12.20 12.20 12.20 na 0.01 0.02
Candida lusitaniae ATCC 200950 3125 3125 195.31 3125 1562 na 0.48 0.01 3125 25,000 195.31 12,500 12,500 na 0.97 0.08
Cryptococcus neoformans IP 95026 1562 1562 781 1562 390 na 9.76 1.00 1562 1562 1562 6250 1562 na 150 1
Candida albicans ATCC9002 1250 3125 781 3125 3125 na 2.44 0.01 1250 3125 1562 3125 3125 na 39 0.08
C. guillermondi 12.20 12.20 12.20 12.20 24.41 na 0.01 0.01 12.20 12.20 12.20 12.20 24.41 na 0.01 0.08
C. albicans ATCC 24433 6250 3125 390 3125 3125 na 1.95 0.02 6250 3125 390 3125 3125 na 1.95 0.02
The results are the mean values of triplicate tests measured after a 24–48 h incubation at 35 °C; aT. madagascariense methanol crude extract (CE), n-hexane fraction (HF), ethyl acetate fraction (EF), n-butanol fraction
(nF) and aqueous residue (AR); lipid fractions F1 and HF; reference drugs, ciprofloxacin for bacteria and nystatin for fungi; compound 2; na, not active up to 25 mg/ml.
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Fig. 1. Isolated compounds from T. madagascariense stem bark, 1 (vanillic acid)
and 2 (isoliquiritigenin).
325G.N. Teke et al. / South African Journal of Botany 77 (2011) 319–327glycosides (Table 1) were detected. None of the previously
mentioned compounds was present in the n-hexane fraction.
3.1.2. Chemical structure elucidation of compounds
Lipid components identified in n-hexane fraction and first
column fraction (F1) of ethyl acetate fraction are displayed in
Table 2. Based on spectroscopic analysis (IR, 1H NMR, 13C
NMR, EI-MS, COSY, HMBC, HSQC and GC–MS), compoundL-ascorbic acid and compound 2 were tested at a range of 64
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Fig. 2. DPPH free radical scavenging activity of methanol extract, fractions and com1was identified as vanillic acid (Danielly et al., 2007); compound
2 as isoliquiritigenin (Supaluk et al., 2008; Yuji et al., 2007).
Isoliquiritigenin was first found in nature in 1953 from Dahlia
variabilis (Compositae), Bate-Smith and Swain (1953).3.2. Antimicrobial assay
The methanol crude extract and fractions (n-hexane, ethyl
acetate, n-butanol and aqueous residue) at a well charge of 5 mg
inhibited the growth of bacteria and yeasts studied (Table 3).
The n-hexane fraction had the least antibacterial potential while
the most active fraction was ethyl acetate. T. madagascariense
stem bark, leaves and roots are used traditionally against a
variety of microbial infections (Burkill, 1985). Sabrina et al.
(2006), working on plants eaten by chimpanzees, reported the
antibacterial property of T. madagascariense with respect to
S. aureus. Compounds 1 and 2 displayed comparable growth
inhibitory diameters. Chalcones and vanillic acids have been
reported to possess antimicrobial activities by Liu et al. (2008)
and Ivanova et al. (2002) respectively.
Aprevious paper reported the antibacterial activity of compound
2 against S. aureus, S. epidermidis and S. haemolyticuswithMICof
50 μg/ml (Thelma de Barros et al., 2005). It is worth mentioning
that although these bacteria (clinical isolates) are different from the
ones studied in this paper, we obtained a comparable MIC of
62.50 μg/ml against S. aureus ATCC 25922. The observed
antimicrobial properties could be due to constituents belonging to
the groups of phytochemicals that were identified in the crude
extract and its fractions (Table 1). Antimicrobial properties of
tannins, alkaloids and flavonoids for examples arewell documented
(Cowan, 1999; Navarro and Delgado, 1999; Reddy et al., 2007).
The MIC and MBC/MFC for each test sample were determined
(Table 4). The ratio MBC/MIC was ≤4 for the methanol crude
extract and ethyl acetate fraction with respect to all the bacteria
studied. MBC/MIC or MFC/MIC ratio of value≤4 is indicative of-0.25 µg/ml of scale factor 2 
n-hexane fraction
n-butanol fraction
L-ascorbic acid
25
tion (μg/ml)
50 100 200
pounds from T. madagascariense stem bark. Data are mean±SD values (n=3).
Table 5
Radical scavenging activities (concentrations of test samples scavenging 50 and
90% free radical DPPH) of methanol extract, fractions and compound 2.
Test samples RSa50 RSa90
Crude methanol extract 29.92 60.69
n-Hexane fraction 18.83 52.16
Ethylacetate fraction 5.00 9.00
n-Butanol fraction 2.00 17.34
Aqueous residue fraction 6.02 14.91
L-ascorbic acid (reference substance) 0.68 1.30
2 28.73 55.40
RSa50 and RSa90 are sample concentrations (μg/ml) reducing 50 and 90% of free
radical DPPH.
326 G.N. Teke et al. / South African Journal of Botany 77 (2011) 319–327a bactericidal or fungicidal nature of the test sample (Lalitagauri
et al., 2004).
Diverse biological activities of compound 2were reported. For
example, it is used as a phosphodiesterase III inhibitor for the
treatment of cardiovascular diseases (Wegener and Nawrath,
1997). It showed anti-platelet (Tawata et al., 1992), vasorelaxant
(Yu and Kuo, 1995) and antitumor activities (Kobayashi et al.,
1995). Moreover, its biological activities including the inhibition
of proliferation and induction of apoptosis of human hepatoma
(Hep G2 cells) (Hsu et al., 2005), potent antitumor activity and
inhibition of prostate cancer cell (Jung et al., 2006) were
documented. No report of its activity against yeasts in the
literature was found. In this paper, compound 2 demonstrated
relatively good activity against the two leading AIDS-related
fungal pathogens C. albicans and C. neoformans. Nevertheless,
this is the first time that this chalcone was isolated from
T. madagascariense (Fig. 1).
3.3. Antioxidant activity
From the free radical scavenging activity assays of the methanol
crude extract, fractions and compounds from T. madagascariense
(Fig. 2; Table 5), these test samples were able to reduce the stable
free radical DPPH to the yellow-coloured diphenylpicrylhydrazine.
One of the mechanisms involved in antioxidant activity is the
reduction of alcoholic DPPH solution in the presence of a
hydrogen-donating antioxidant due to the formation of a non-
radical form DPPH-H by the reaction (Gulcin et al., 2006). The
propensity of the hydrogen donation is the critical factor that
involves free radical scavenging (Jimoh et al., 2007). The profile of
free radical scavenging activity (Fig. 2) of samples after a 30 min
incubation shows that the percentage reduction of DPPH is
concentration dependent. All the fractions of the methanol crude
extract exhibited radical scavenging activity (RSa). The strongest
effect was observed for the ethyl acetate fraction, with RSa50 and
RSa90 values of 5.00 and 9.00 μg/ml respectively. These extracts
indicated the presence of phenols, flavonoids, saponins, and
tannins (Table 1). These secondary metabolites are reported to
possess antioxidant potentials (Yasukazu and Takuma, 2008).
Compound 2 (chalcone) displayed a relatively weak antioxidant
activity (RSa50 of 28.73 μg/ml). When chalcone molecules react
with radicals, they are readily converted to the phenoxy radicals
due to the high reactivity of phenolic hydroxyl groups of
chalcones and para-dihydroxylated benzene ring system that aregenerally known to be very efficient systems to delocalize
electrons (Beom-Tae et al., 2008). Hocine et al. (2008) reported
the ability of chalcones to prevent human low-density lipoprotein
(LDL) copper-induced oxidation using Cu2+ as oxidizing agent.
Although compound 1, vanillic acid (small amount, 4 mg), was
not evaluated for antiradical properties, this compound was
equally isolated from the aerial parts of Polypodium leucotomos
(Garcia et al., 2006) and wheat seedling (Hanwen et al., 2002),
and is reported to possess antioxidant capacities. The results
suggest that the identified compounds herein support, at least
partially, the antioxidant and radical scavenging capacities of
T. madagascariense stem bark.
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